In this paper, a new method is proposed for calibrating a planar array of general geometry with respect to errors in location, phase and gain, even when all errors are present simultaneously (global calibration). The method requires the use of three pilot sources, which operate one at a time and from at least two different azimuth angles. Since the sources need not operate simultaneously, one only pilot source may be used from three different directions. The method assumes that the electrical errors (phase and gain errors) are not direction dependent. Simulation results that support the performance of the proposed method are also presented.
INTRODUCTION
The practical applications of Signal-Subspace techniques have been limited due to the fact that calibration errors relating to the electrical and/or geometrical characteristics of the array, can severely degrade their performance. Figure 1 illustrates the performance of MuSiC algorithm for a 7-element, nominally linear array, and three uncorrelated sources in the far-field with azimuths of 30", 35" and 140", when the array is calibrated and when it is not (electrical or geometrical errors). It is obvious that when the array is calibrated, the directions-of-arrival (DOA's) of the impinging signals are correctly identified by the means of three deep nulls in the spatial spectrum. When calibration errors exist, it is not possible to estimate any more the DOA's of the impinging sources.
Previous In Section 2, the mathematical modelling of the locational and electrical errors will be described and the way these errors affect the data covariance matrix will be explained. In Section 3, the proposed calibration method will be presented. Then, in Section 4, simulation results will be used to demonstrate the performance of the proposed method. Finally, in Section 5 the paper will be concluded.
MATHEMATICAL MODEL
The covariance matrix of the signals due to one pilot source of unity power, received by an array of N elements can be modelled as follows: 
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Thus, in the presence of errors regarding the electrical and geometrical characteristics of the array, the data covariance matrix becomes: 
GLOBAL CALIBRATION
Consider an uncalibrated array of N elements, which operates in the presence of one pilot source. The uncalibrated array suffers from both geometrical and electrical uncertainties. If 7 and $ are the nominal values for the gain and-the phase of the array and 3 is the nominal isotropic SPV which corresponds to the pilot source then a matrix 0:
can be defined. Note that diag(matrix) denotes a column vector and diag(vector) denotes a diagonal matrix. By pre--and post-processing the data covariance matrix, W , , , by the above defined matrix 0, a new matrix Q H . a,, '0 is established. It can be shown that this known matrix can be written as a function of the array uncertainties a s follows:
where:
It is common to regard one element as a reference and to assume that its characteristics are known. For simplicity, the first element of the array is taken as the reference element. This translates to the fact that the element W(1,l) of the matrix U will be equal to the known gain, say Y,, of the reference element.
Thus, U becomes:
where the vector 3 corresponds to t e rest N -1 -elements of the matrix U. Usinn the above argument
L -
Equations 12 and 13 can be used to calcufate the matrix U, as well as, the noise power 02.
From the above discussion, it is clear that using one pilot source and the corresponding data covariance matrix, a matrix U, which is a function of the array Uncertainties can be estimated. If this matrix is estimated for two different pilot sources, then two matrices, say U, and U , , are formed. As long as the electrical uncertainties are nondirectional, matrices U, and U , can be expressed, using Equation 8 (17) Note that L( e ) represents the angle of the argument. By writing kl -.E, as:
and using the locational errors in the x, y and z coordinates, Equation 17 can be rewritten in the following form:
If the array is planar & =z =Q), Equation 18 simplifies to:
))). (19)
Equation 19 describes a set of N equations with 2. N unknowns (2 , ). Therefore, another set of N equations is neexed for a unique solution. Using another pilot source, matrix U , can be calculated,
and thus a new set of N equations is defined. That
is:
The solution to Equations 19 and 20 is:
Note that in order Equations 19 and-20 to be independent, it is required that at least two out of the three pilot sources, to have different azimuth angles.
Once vectors 2 and have been estimated-using Equation 21, then the locational error matrix, r , for a planar array can be formed as:
It remains now only to estimate the gain and the phase of the array elements. This can be done using one of the three matrices U, , U, or U ,
. If, for instance, matrix U, is used then from Equation 8, it is: u,=r,.%.X,.
The real matrix r, can bLcalculate_d by taking into account that matrices Y and A, are complex matrices with unity amplitude. This implies that: Thus, u&g Equations 21, 22, 24 and 25, an array of general geometry can be calibrated with respect to location, phase and gain errors, all being present simultaneously.
It is straight forward to generalize the method of an array in a 3-D space. In that case, one more source is required that should be placed in a different azimuth from the previous pilot sources. Calibration of single type errors can be seen as a special case of the proposed method.
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SIMULATION RESULTS
The proposed method has been tested for different configurations, including linear and circular arrays and performed satisfactorily. For instance, for B 7-element uncalibrated array, Table 1 and Table 2 IV-75 describe the errors with respect to location, phase and gain, before and after the application of the proposed method.
CONCLUSIONS
In this paper the calibration problem in Superresolution Direction Finding is addressed. A new method has been proposed that performs global calibration of a planar array of general geometry with respect t.0 location, phase and gain simultaneously. The method employs three pilot sources with two at least having different azimuth angles. The sources operate one a t a time, thus, one may use one only pilot source and then move this source to two other locations. Calibration with respect to single errors (e.g. location or phase or gain) can be treabed as a special case of the general proposed method. 
